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(57) [ABSTRACT] (Amended) 
[OBJECT] To provide an inverter circuit that can effectively prevent a 
backward recovery current of a diode when a pair of switches are changed over, 
and that can eliminate a short-circuit state of an inverter circuit, with a simple 
10 constitution. 

[CONSTITUTION] If one of switches is turned on, a switching signal is 
output from a gate driving circuit 14, and applied to a base terminal 6a of a 
transistor 6 through a relaxation circuit 17. At the same time, an off signal is 
input from the gate driving circuit 14 to the transistor 6 of the other switch 9. 

1 5 Since an ON operation of the one switch 8 has a characteristic of slow rising, the 
ON operation thereof occurs slightly later than an OFF operation of the other 
switch 9. A diode 7 that constitutes the one switch 8 needs backward recovery 
time. Therefore, slightly after the input of the OFF signal to the other switch 9, 
the diode 7 is turned off. It is, therefore, possible to effectively eliminate 

20 disadvantages, such as switching loss and noises to electric equipment, auxiliary 
equipment and the like, that are accompanied by the backward recovery current. 

[0007] 

[MEANS FOR SOLVING THE PROBLEMS] To attain the object, 

25 the present invention is constituted as follows. According to the present 

invention, an inverter device that outputs a pulse signal to a switching control 
terminal of a switching transistor, and that performs DC-AC conversion, 




comprises a relaxation circuit that relaxes a rising characteristic of a voltage 
pulse applied to the switching control terminal of the switching transistor from a 
quick rising characteristic to a slow rising characteristic. In a preferred 
embodiment of the present invention, the relaxation circuit is constituted so that a 
5 first resistance and a second resistance are connected in parallel to the 

switching control terminal, and that a diode that allows a backward current from 
the switching control terminal of the switching transistor is connected in series to 
one of the first and second resistances. In a preferred embodiment of the 
present invention, a three-phase voltage type PWM inverter is employed to 
10 control a three-phase AC motor. The inverter consists of six switches, and each 
of the switches comprises a transistor, and a diode that is connected in 
anti-parallel to the transistor. 

[0009] With this circuit structure, if only a pair of switching transistors for one 
15 phase is controlled so that the ON states thereof do not occur concurrently, the 
disadvantages due to the backward recovery currents of the diodes that are 
connected in anti-parallel to the respective transistors occur as explained above. 
If so, right after one of the switching transistors is turned off, the diode in 
anti-parallel to this switching transistor turns into a conductive state. In this 
20 conductive state, the other switching transistor is turned on, and the backward 
recovery current flows. Taking this into consideration, according to the present 
invention, the relaxation circuit is provided between the switching control terminal 
of the switching transistor and the switching control circuit. This relaxation 
circuit operates as follows. Even if one of the switching transistors is turned off, 
25 the relaxation circuit relaxes the rise of the voltage of the other switching 

transistor and prevents the backward recovery current from flowing into the diode 
while the diode in anti-parallel state to the one switching transistor is conductive. 
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Although the relaxation circuit is provided for each power transistor, it simply 
operates to relax the rising characteristic of a transistor when turning on the 
transistor. Since the OFF operation of the transistor is quickly performed, the 
relaxation circuit does not function to relax the OFF operation. 
5 [0010] This relaxation circuit is, for example, a voltage driving type switching 
transistor that inputs a voltage signal to the switching control terminal. 
Resistances are provided between the switching terminal of each transistor and 
the switching control circuit. The relaxation circuit may be constituted so that 
the resistances become high when the transistor is turned on and low when the 

10 transistor is turned off. For example, a diode is provided in parallel to one of the 
resistances. If an ON signal is input, this diode is connected substantially in a 
direction for preventing a current from flowing from the resistance to the 
transistor. In this case, therefore, a signal current from the switching control 
circuit is introduced only through the other resistance. As a result, the 

15 resistance of the circuit increases, and the switching-on operation of the 

transistor delays due a large time constant caused by the input capacitance and 
circuit resistance of the voltage driving type switching transistor. Thus, in a 
state in which one phase is switched over, if the transistor of the other switch is 
turned on, the rising operation becomes slow. Therefore, until the diode of one 

20 switch backwardly recovers, the transistor is not substantially turned on. In 
addition, the transistor is turned off, and the diode connected in series to the 
resistance causes a current from the gate terminal of the transistor to pass 
through. The current from the transistor, therefore, flows through the two 
resistances connected in parallel. As a result, in the OFF operation, the 

25 resistance of the circuit becomes extremely low, and the voltage driving type 
switching transistor operates at high rate due to the small time constant caused 
by the input capacitance and circuit resistance of the voltage driving type 
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switching transistor. As can be seen, with the constitution of the present 
invention, only the response to the ON operation of each transistor becomes 
slow. 

5 [ADVANTAGE] According to the present invention, with the simple constitution, 
switching can be carried out in view of the backward recovery time of the diode 
provided in parallel to the transistor of the inverter device. Therefore, it is 
possible to prevent the occurrence of the backward recovery current, and to 
prevent the disadvantages accompanied by the backward recovery current. 
10 Consequently, it is possible to control high-speed switching, and to control the 
three-phase AC motor having high performance, i.e., control the traveling of the 
electric automobile. 
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